I. INTRODUCTION
As early as 1948 Bernstein and Herzberg had reported the spectrum of CHF 3 in the near infrared and red part of the visible spectrum. I They derived an approximate structure for this molecule and identified the regular occurence of a two state Fermi resonance assigned to the stretching (v s ) and bending (Vb) vibrational states ofthe CH chromophore Ivs = N, Vb = 0); Ivs = N -1, Vb = 2). As was shown later 2 -5 this resonance is really part of a multiplet system with n = v~ax + 1 = N + 1 strongly interacting states with a fundamental effective coupling parameter k sbb """loo cm-I . This coupling leads to ultrafast selective subpicosecond redistribution of vibrational energy between stretching and bending motions and it was shown that the interaction with further modes occurs only on much longer time scales, 3 if at all. Work on other molecules containing the isolated CH chromophore showed that the subpicosecond redistribution is a universal property of the alkyl CH chromophore.6-9
Only shortly after the original identification of the importance of the CH stretch bend Fermi resonance interaction for vibrational redistribution in hydrocarbons,2, 3 Sibert et al. 10 proposed a similar mechanism in order to explain the subpicosecond vibrational redistribution inferred by Bray and Berry I I from their photoacoustic visible overtone spectra of benzene. As we have discussed before, 7 due to the lack of well defined structure in the benzene overtone spectra, the interpretation must remain ambiguous in this case. However, we have recently shown at least in one case, that a similarly strong resonance definitely does occur also on the Sp2 C atom. 12 The resonance seems thus to be of general importance in hydrocarbons (excluding acetylenes 2 ,13) and is also of great interest in understanding some fundamental aspects of vibrational redistribution and intramolecular statistical mechanics. 14 . 15 It is presumably of importance also for the understanding of intennolecular energy transfer. 21 Following the previous, detailed analysis of the CH chromophore spectrum in the infrared, with stretching quantum numbers up to N = 4 (Ref. 5, paper I), we have since then measured the complete visible spectrum of CHF 3 from 11 000 up to about 17 500 cm -I in order to test the predictions from the tridiagonal effective Fermi resonance Hamiltonian and in order to answer additional questions concerning the possibility of further homogeneous rovibrational structure at very high excitations 4 [similar, say, to the large molecule (CF3)3CH 7] and also the band strength and dipole function. [16] [17] [18] In the course of this work, some additional information on the CHF 3 spectra became available from previous work on photoacoustic spectra,I9 which covered essentially the spectral range of interest here, but incompletely and without adequate assignments of the Fermi resonance. Furthermore, motivated by our own work, Campargue and Stoeckel 20 have measured the N = 5 polyad at high resolution using their elegant I CLAS technique (about 0.02 cm -1 bandwidth), We also have remeasured improved Fourier transform spectra of the N = 5 polyad, thus providing overlap from various techniques for the N = 4 and N = 5 polyad. There is agreement between the data from different sources, wherever there is overlap. The aim of the present paper is to provide a complete analysis of all strong bands in the visible spectrum. We refer to paper 1 5 for more complete references to previous work on the CHF 3 spectra and mention that recently the potentially analogous situation in Segall 6t al. : Tridiagonal Fermi resonance in CHF,. II 635 CDF 3 has been investigated, which turns out to be fundamentally different, however. 18, 22 II. EXPERIMENTAL CHF 3 was obtained commercially. Its purity and identity was checked by IR spectroscopy and gas chromatrography and it was thoroughly degassed by repeated freezepump-thaw cycles before use, particularly so for the measurements of band strengths. Sample pressures were measured with calibrated capacitance manometers.
The Fourier transform spectra were measured on a BO-MEM DA002 allowing for a maximum apodized resolution of 0.004 cm -I. In practice the spectra in the visible are limited by pressure broadening to bandwidths of about 0.5 cm-I at best. Details of the technique have been described before. s Improved optical filtering allowed us to obtain improved signal to noise for the spectrum of the N = 5 polyad around 14 000 cm -I, which has been remeasured completely.
Most of the data in the present paper, from 11 000 to 17 500 cm -1, were obtained using intracavity cw dye laser photoacoustic techniques, which have been described in detail in Refs. 7, 23, and 24 . Briefly, a glass cell fitted with quartz windows at Brewster's angle and Knowles BT-1759 microphone is filled with a sample of CIIF 3 at pressures between 5 and 13 kPa. Sometimes inert gas was added (up to about lOS Pa Ne). The cell is then placed inside the extended cavity of a Spectra Physics 375 dye laser. A variable speed light chopper is used to interrupt periodically the pump beam from an ion laser, and a lock-in amplifier (PAR 124A) monitors the microphone signal modulated at the chopping frequency. The photoacoustic signal is then normalized to the intracavity laser power, which is measured from a reflection off a cell window. In the 2 cm -I resolution scans the tuning of the laser is achieved by using a stepping motor to rotate a 3-plate birefringent filter inside the dye laser. For the 0.2 cm-1 resolution scans a thin etalon (Spectra Physics 411-650) is tuned simultaneously with the birefringent filter. A part of the output of the laser is directed to a neon optogalvanic cell, which provided absolute wavelength calibration, while another part of the output beam traveled through a solid etalon (FSR = 17.4 cm -1) to a photodiode, giving a relative frequency scale. The uncertainties in the frequency measurements are mainly given by the resolution of the laser system used. The analog output of the experiments was digitized off line and stored on floppy disk for transfer and further evaluation of the data.
As the photoacoustic technique does not directly provide absorption cross sections, these were determined by comparing the photoacoustic signals from CHF 3 with published values for benzene. 25 In the ranges of the N = 5 and N = 6 polyads we used mixed gas samples of benzene and neopentane to determine the neopentane peak cross section and then a mix of neopentane and CHF 3 to obtain cross sections for the latter. Neopentane was used because its overtones lie to the red ofthe CHF 3 absorptions, while the benzene spectra overlap those of CHF 3 • A second technique was used in addition. Here spectra of pure benzene and CHF 3 are taken under identical conditions. Assuming ideal gas behavior one should have approximately26 0'(CHF 3 ) S(CHF 3 ) Co (CHF 3 ) = ----. The S are the photoacoustic signals, the Co the specific heats, and the 0' the absorption cross sections of the corresponding compounds. The intensities of half-integral polyads were determined by employing laser dyes that allowed for tuning over the high frequency bands of the half-integral polyad and the low frequency bands of the next higher integral polyad.
III. RESULTS AND DISCUSSION
A. Survey of the photoacoustlc spectra In the visible range Figure 1 shows the spectrum of CHF 3 from 12000 to 17 000 cm -I. There is no strong absorption in the small ranges between the various parts, which have all been measured, and beyond 16 800 to 17 500 cm -1. The spectral coverage is thus complete, at least as far as strong absorptions are concerned. The photoacoustic data extend down to 11 000 cm -I but this range is not shown as it agrees well with the FTIR data ( Fig. 7 of Ref. 5), the latter being somewhat more accurate. The absolute cross sections on the ordinate have been computed from the integrated band strengths and the maxima are only approximate due to the 2 cm -I bandwidth in these scans (see Sec. III F). Each part of the survey spectrum corresponds to one polyad, the expected multiplet structure being nicely exhibited as in the IR spectra of CHF/ and the IR and visible spectra of (CF 3 hCH. 7 The N = 5 polyad has been measured at higher resolution using FT spectra in the present work and at high resolution and low pressure by Campargue and Stoeckel. 20 However, a complete coverage of the whole spectral range is necessary for a satisfactory analysis and understanding.
B. Assignment of the spectra by means of predictions from the effective Fermi resonance Hamiltonian
The visible spectra of CHF 3 were predicted by the tridiagonal Fermi resonance HamiltonianS and assigned correspondingly. Briefly, we define a chromophore quantum number N for the stretching (v s ) and bending (Vb) vibrations:
The effective spectroscopic Hamiltonian (in cm -1 units) is block-diagonal in N and has the diagonal elements
The nonzero off-diagonal elements are HN Vo""I,,;(v. -I) 
By dlagonalizing this Hamiltonian one obtains the theoretical results for spectroscopic term values and relative band intensities within one polyad: 
With a theoretical dipole moment function for the CH chromophore, one also obtains the absolute intensities discussed in Sec. III D. The origin and interpretation of the effective tridiagonal Fermi resonance Hamiltonian has been discussed in substantial detail elsewhere. s . 26 Table I shows its success in predicting and fitting the visible spectra of CHF 3' The column pred. v contains true predictions offrequencies for all polyads with N>9/2, which were obtained on the basis of FTIR spectra and two bands from Ref. 1 [52 and (9/2h] in the absence of knowledge of the other bands. s
The predictions are seen to be very satisfactory, with slightly increasing discrepancies for the highest polyads. A global fit to all 35 bands (FTIR and visible spectra) gives some improvement, quantitatively, but no change in the interpretation. We note that both frequencies and relative band intensities were well predicted and fitted.
In the assessment of the experimental results and comparison with theory one must realize that in the absence of a rotational fine structure analysis in the visible spectra the band centers can be determined only to within a few cm -I, taking into account also some uncertainty in the frequency calibration procedure. Because rotational fine structure seems to be absent even at much higher resolution,20 it might be impossible in the future to obtain much more accurate data for the band centers. Table II summarizes the parameters of the effective Hamiltonian which were obtained by various evaluations of the data. The first two columns are from a global fit to all data. The first takes the band at 14 003 cm -1 as primary data in the fit, whereas the second fit B takes the local Fermi resonance occuring in this band into account (see Sec. III E 3 for a detailed discussion of this point).
In view of what we have said above about the accuracy of band centers, a root mean square deviation of 4 cm -I for 35 bands is excellent. It may be compared with a rms deviation of 1.9 cm-I for the fit to the 22 IR bands only (third column, Ref. 5) and also to the rms deviation of 11 cm -1 found for our fit to 31 IR and visible bands of (CF3)3CH.7 Taking also into account the excellent agreement of experiment and theory concerning the relative intensities, the CHF 3 spectra are clearly the largest and best understood data set of this kind, so far. It is seen that the model parameters vary only slightly for the various fits, including in this consideration also the fit of only 15 bands, using the same model, performed in Ref. 20 (last column in Table II ). The fourth column in Table II is from converged variational calculations on the basis of CH stretch-CH bend normal mode force field to fourth order, which has been shown to be equivalent to the effective spectroscopic Hamiltonian in Ref. • FTIR data, band maxima determined from photoacoustie spectrum are: 11 565, 11 347, and 11 110 em -I.
The band centers in all bands are shifted from the maxima at most by a few em -I (see discussion in Sec.
m D).
bReference 19 gives 11 562, 11401, and 11 110 em-I. 11401 em-I is possibly a misprint. A value close to 11 350 seems more probable from the figure given in the reference. eFT and photoacoustie data as indicated. Reference 19 gives band maxima at 14 290, 14 003, 13 80 I, and 13530 em-I. Reference 20 has band maxima at 14290.7, 14002.9, 13 800.7, and 13 532.4 em-I. dFor the fit a value of 14 012 em-I was adopted to correct fora local resonance with the state at 14 O4Oem-
See the text (Sec. III D in particular). "Reference 19 has band maxima at 16614, 16362, and 16 158 em-I. fReference 19 has band maxima at 12925,12641, and 12347 em-I.
• Additional bands appear at 12485, 12 240, and 12 152 em -I. See the text and Table III included all couplings between stretching and bending vibrational states, but disregrading explicit resonance couplings to any other vibrational modes. Table II shows that the parameters of the model Hamiltonian are stable with respect to slight changes of the description, of the fitting procedure or the data set used. This is evidence that the important physical phenomena are well represented by the effective Hamiltonian parameters. The only exception to this may be the parameter gbb' which would appear to be poorly determined. The variations found in Table II for all the other parameters give a good indication to what extent these are physically well determined. Of course, the uncertainties derived for the parameters from any single one of the least square fits are smaller, but they do not have much physical significance and are therefore not reproduced here. In particular, the large value of the effective spectroscopic constant ksbb ~ 100 cm-I (± 10% at most) is now very well established. It remains essentially identical to our first approximate determination from band intensity measurements 3 (ksbb = 99 cm -I, corresponding to a coupling matrix element W = 70 cm -I in the N = 1 dyad), but now it is based upon very strong experimental evidence from an unprecedented data set. We still need to discuss a few bands, which were not included in our evaluation, because they have an assignment involving other vibrational modes. 
C. Assignment of bands involving the CF 3 stretching vibrations
Whereas at low frequencies corresponding to less than 6000 cm -1 several bands appear that clearly do not belong to the CH stretching and bending polyads, only few such bands occur in the high frequency spectra. Indeed, in the spectral regions of the dominant absorption corresponding to integral N no bands of comparable intensity remain unassigned, when we just consider the CH polyads. However, in the ranges of the half-integral N polyads the absorption is intrinsically weaker and some bands of about similar strength are not predicted by the simple effective Hamiltonian. A total of eight such bands observed above 7000 cm -1 are collected in Table III together with some low frequency bands that are relevant for the assignment. In the interpretation of these bands two main possibilities have been investigated among others: (i) the bands arise through strong coupling with other CH stretch bend states of different lb (i.e., violating the Mb::;60 selection rule of the simple model). (ii) The bands arise as combination tones with the two CF 3 stretching vibrations V 2 and Vs which form a strongly Coriolis coupled pair. 27.28 In order to avoid a possibly fallacious assignment of these last few unassigned bands of the overtone spectrum we have considered this question in some detail and have finally rejected the first possibility and accepted the second on the following grounds: No adequate set of parameters could be found to fit the bands with a Hamiltonian allowing for t:..lb::;60 bands. Furthermore, the assigned bands are all very well predicted, which would imply that strong further interactions are unlikely. On the other hand, for the lower fre- The frequency and intensity match of the predicted bands is also very satisfactory for this assumption, when we note that for the predictions in Table III firm the previous assignment of combination tone transitions also for the higher polyads in the visible spectra. With this, no strong bands remain unassigned in the near IR and visible spectrum ofCHF 3 • A question that remains is the origin of the intensity of the combination tones. One may first note that the E combination term can interact with the E terms of the half-integral N polyads. But also, and perhaps more likely, the very intense CF 3 stretching vibration may have intense combinations with the CH chromophore in its own right by a mechanism similar to the one proposed for the half-integral N polyads themselves. 26 The normal modes Vs and V4 mix of course internal coordinates of CH bending CF 3 stretching character. It is somewhat unfortunate that the high overtone bands have not enough definite rotational structure to provide final proof of our assignment for the combination tone assignment. However, the rotational contours do contain some additional relevant information, which we shall discuss after consideration of the band strengths. 
D. Band strengths and effective dipole moment functions
where a = mlrm' and in our case m = l.Two different choices r m' the location of the maximum of the dipole function, were found to be adequate, r mire ~0.64 and r mire ~6
(or generally quite large). 17 It is seen that the second choice leads to good agreement in the band strengths of the higher overtones, whereas the first choice is somewhat better for the first overtone and still acceptable for the higher overtones. From the data, no definite conclusion can be reached. One should also consider here the obvious experimental uncertainties and discrepancies. Although the values from individual techniques are very well reproducible, the results for the N = 5 polyad with different techniques cover a substantial range of values for G. We have generally found that for the FTIR measurements a total error of about 30% may be possible and it would appear that the actual systematic error in the photoacoustic measurements may be larger, particularly in view of the necessary calibration (see Sec. II). We thus must be satisfied at present with the accuracy available in Table IV , which is probably about as accurate (or more) as any data available in the literature for polyatomic molecules, where mostly a comparison of different techniques with their various systematic errors has not been possible. We conclude that at present the nature of the effective dipole moment function remains undetermined. Work is in progress to provide a better theoretical understanding. so The present data, together with those for (CF3)3CH' provides a first step towards a systematic, relatively complete data base for the isolated CH chromophore.
E. Rotational constants and band contours
Although no rotational line structure appears in the visible spectra under the conditions of our experiments, the band contours contain additional information concerning both the symmetry assignment of the bands and the rotational constants, which are strongly influenced by the Fermi resonance. Our analysis proceeds according to the following three steps: (i) From an analysis of the 2V 4 (b) (E) component we derive the "unperturbed" bending rotational constants, in particular a value for a:.
(ii) From an analysis of the rotational fine structure in the low frequency bands (up to N = 7/2) we derived a value fora:.
(iii) Finally, we predict and simulate the high frequency Fermi resonance bands (N;;.4) introducing additional effects as necessary in order to understand the bands. Figure 2 shows the rotational fine structure of the perpendicular component of the overtone of the CH bending vibration. It has been assigned and fitted using the following term formula for the rovibrational states A total of 317 assigned lines (mostly from the R R branch with K" <24, J" <32) were introduced into a least squares fit,39 the ground state constants being fixed. The results are summarized in Table V . From the analysis of the CH bending fundamental a value of telf = -2tb = -1.9689 is expected from the harmonic sum rule. 31 • S3 before the complete band system is understood in detail. Before proceeding to determine a~, we mention a further result from our analysis of 2Vb (E) . In the region between 2730 and 2740 cm -1, which is shown in part in Fig.  2 (b) , there is overlap between the parallel (2710 cm -I) and perpendicular (2755 cm -I) components of2v b • By simulating the overlap between the two components in Fig. 2(b) we could determine the ratio of band strengths, approximately: The large ratio justifies our earlier use ofthe band strengths of 12 and 11 to determine the Fermi resonance coupling matrix element. 3
AnalysIs of 2Vb(E)
F(J,K) =vo+BJ(J+ 1) + (C-B)K 2 +=2Cs etr K -D J J2(J + 1)2 -DJKJ(J + l)K 2 -DKK4 ± Tletr J(J + l)K ± 7fetr K3.
G(2710 cm-

Determination of a= from an analysis of the Fermi resonance component bands
In general, the analysis of the rotational fine structure of Fermi resonance components proceeds by adding the rotational term values to the diagonal matrix elements in Eq. (2) using the expansions (for Band C similarly) n B vv ... v =Be- "(v;+l) ZT(H N + FD)Z = Diag(E;;m) + ZTFDZ, (9) The diagonal correction to the total energy is thus obtained from Eq. (10):
The off-diagonal contribution to the energy in Eq. (9) • Rounded values. b From high resolution spectra .
• Used to determine a: (see the text). 'From a band contour simulation of a pressure broadened spectrum.
Bernstein and Herzberg l (see Table VII for the summary of current rovibrational constants). A definite analysis of deperturbed a values for CDF 3 , which is not yet available but perhaps possible in the near future,22 would provide the necessary information to derive an '. structure. The best current,o structure for CHF 3 is 'o(CH) = 109.58 pm, 'o(CF) = 133.312pm,a(FCF) = 108.6113°,a(lICF) = 110.318" from these results, the digits given being not necessarily all physically relevant.
Predict/on and analYSis of the band contours of the high frequency bands
Starting with the N = 4 polyad, no rotational fine structure was observed, even under resolution and pressure broadening conditions, under which at least J structure should appear if the bands were simple. Figure 3 shows as a first example the simulation of the 42 component by means of predicted rotational constants. Although some details of the experimental spectrum remain undescribed, an adequate fit of the major contour, including in particular the Q-branch width and relative height compared to P and R branches, is obtained if one assumes an empirical Lorentzian linewidth r = 2.7 cm -I. This is to be compared with the approximate pressure broadening width of 0.4 cm -I, which gives a simulated spectrum with a narrow Q branch and some rotational J structure. Figure 4 shows as a second example the simulation of the 52 component, which shows some particularities. First, the band is clearly split by an additional, local Fermi resonance, which leads to the appearance of two Q~branch maxima at 14 003 and at 14 037 cm -I. The interpretation of these Q branches as arising from a local Fermi resonance is supported by the band strengths (see below and Table I) , and by the fact that the position of the 52 state in this local resonance is at 14 012.4 cm -I, close to the predicted values in Table I (14009 or 14012 cm-I, respectively). This Fermi resonance is taken into account in the simulation with the unassigned partner at 14 034.6 cm -I and a local coupling matrix element of 15 cm -I. Because of this additional resonance, the rotational constants have been adjusted in the fit and • a is not derivable from the fundamental band (see the text), the fundamental frequency is from the effective Hamiltonian. The 11 component is at about 3035.5 cm -I. bprom overtone 2v 4 (E), the frequency is from the effective Hamiltonian.
C Prom fundamental. d One can also calculate af from the average rotational constant when exciting the anharmonic fundamental in normal coordinate space, obtainingaf = 6.7X 1O-6 cm-' andaf = 4.7x 10-4 cm-' , the latter being not in good agreement with experiment.
furthermore the hot bands with v 6 added [one low frequency side peak is visible in the spectrum, most easily in Fig. 4( c) ]. Our interpretation of the Fermi resonance is similar to Ref.
20 and the slight differences in the numerical parameters, which have been obtained independently, do not warrant discussion. Our simulation includes rotational structure and thus some shift Vo -v max • A feature that cannot be easily fitted is the P-branch height and decline to low frequencies. A similar feature will reappear below for the 6 4 component. The Lorentzian width in the fit is 1.25 cm -I, smaller than for 4 2 , However, as also visible in Fig. 1 (b) , the Q branch of the 53 component is broad, about 11 cm -I with an only slightly smaller Lorentzian width. These phenomenological widths are thus quite different for different members of the same polyad. Also, the shapes are often markedly non-Lorentzian, for instance the 53 Q branch is "flat" in the FT spectra. Figure 5 shows experimental and simulated results for the 6 4 band. This band shows an effect, which appears already in the members of the N = 5 polyad but becomes now more pronounced. The P branch is strongly degraded to the low frequency side and shows no clear separation from the relatively broad Q branch, whereas the R branch still appears strongly with a separate maximum. This can be simulated rather well by adjusting the rotational constants [ Fig.  5 (b) ]. The effect is present, but much weaker with the predicted rotational constants [ Fig. 5 (c) ]. It can be due either to the limited validity of the Fermi resonance model in the higher polyads or due to interaction with further states with different rotational constants (the "background" states, which may be responsible for the phenomenological width r = 6.5 cm-I in this case). This point will be discussed in the more general context below.
We conclude this section with an example from the perpendicular bands. Figure 6 shows the (11/2) 4 component. The simulation parameters are discussed in the caption and include a variation of tow, which is possible, although it was not necessary to invoke this effect in the simulations of the resolved perpendicular bands in the IR. 5 The structure of the perpendicular bands is somewhat indefinite, in general. It may be noted, though, that the structure of the combination tones as assigned in Table III seems to be systematically different from the perpendicular polyad components. Nothing definite can be concluded, at present, concerning the existence or absence of interaction between these band systems. It may be that data at higher resolution would help in the assignment, although this seems unlikely because of the generally large phenomenological widths needed to fit the spectra (i.e., r > ll. even with large ll.). It is now appropriate to discuss the origin and significance of the phenomenological widths that are found invariably in all of the high overtones.
F. Separation of time scales and mode selective vibrational redistribution
For all the high frequency polyads with N>4 it was necessary to assume in the fit some phenomenological width. These widths are variable within the polyads and show a tendency to increase with the polyad number N. For instance, with N = 4 they are between about l.5 and 3 cm-
for N = 5 between about 1 and 10 cm -I, and for N = 6 about 7 cm -I. As inhomogeneous rotational (and in several cases also vibrational hot band) structure has been taken into account in the determination of these widths, they are clearly due to homogeneous rovibrational structure (in the sense of Ref. 4). We rule out exceptional pressure broadening. The detailed nature of this structure cannot be obtained from our spectra. There is no evidence that it corresponds to a smooth Lorentzian, although this function has been used in the fitting. In some bands one can recognize some specific, nonLorentzian, structure. The local Fermi resonance with W = 15 cm -I in the 52 component is an extreme example.
Usually, the structure appears on the order of the widths quoted. The variations within one polyad and among the polyads are similar to (CF3)3CH,7 where, however, the widths were by more than an order of magnitude larger and in part inhomogeneous. Also, the band profiles were perfectly smooth. The rougher structure for CHF 3 can be under- 42. These numbers are not too large to prevent resolution of individual lines with improved techniques, which are not accessible to us at the present moment. The prospects are, however, rather favorable, because certainly not all states will contribute equally. Even if only few states interact by very close resonances, as shown for the CH stretching fundamental ofCHF 3 ,3 the detailed analysis may prove very difficult without jet cooling.
-49
However, even without detailed rovibrational analysis a positive minimal statement is possible: The homogeneous vibrational structure is not wider than about 1 to 10 cm-~ depending upon the band and excluding the local resonance in 52' This corresponds to initial transfer and decay times of longer than 0.5 to 5 ps. On the other hand, transfer from the stretching to the bending motion occurs on a time scale of about 50 fs, that is 10 to 100 times faster than the slower motion mentioned above. tion is less pronounced. 7 The assignment of the long time dynamics remains open. One possibility might be an almost exponential decay into many states.
14 Another, perhaps more likely possibility involves a few state rovibrational interaction, which destroys any easily visible fine structure.
IV. CONCLUSIONS
Together with the data from Ref. 5, the present data allow us to obtain what is presumably the most complete assignment and detailed analysis of short time vibrational redistribution observable via the high overtone CH absorption spectra in polyatomic molecules. We can summarize our main conclusions: (i) The tridiagonal Fermi resonance Hamiltonian provides quantitatively and qualitatively correct predictions for both the band positions and relative band intensities within the multiplets of bands that are observed in the visible overtone spectra ofCHF 3 instead of one band that might naively be expected for each overtone state of the isolated CH chromophore. This finding provides further firm evidence that this type of interaction must be taken into account quite generally in the interpretation of the high overtone spectra of the alkyl CH chromophore.
(ii) The overtone intensities can be understood semiquantitatively on the basis of the phenomenological local Mecke dipole function. 16 The previously observed ambigui ty 17.18 in the assignment of parameters for this function remains unresolved even with the advent of the present high overtone band strengths.
(iii) On the short time scale of <0.5 ps characteristic for the CH stretch bend Fermi resonance the approximate symmetric top til selection rule remains valid up to very high quantum numbers N<.6 for both the integral and half-integral N poyads in CH F 3 • This is to be contrasted with the strong additional couplings that are observed in asymmetric top molecules. 8.9,.51,.52 (iv) The overall rotational band contours can be qualitatively predicted on the basis of newly determined values for Be' C e , and rovibrational constants including the Fermi resonance interaction. In the higher overtones the differences between prediction and experiment become more marked, indicating mixing with states of very different rotational structure.
(v) In the near infrared and visible overtone spectra ( v> 11 000 cm -1) no rotational fine structure is observed even under resolution and pressure conditions under which at least J structure should be observable in the parallel bands. This is further evidence for rovibrational homogeneous structure 4 in these bands. Some structure of this kind occurs even in the CH stretching fundamental. 2 ,3 (vi) The additional homogeneous structure, as simulated phenomenologically by Lorentzian coarse shapes, occurs within frequency ranges of 1 to 10 cm -1. It is different for the different polyads and for different bands within each polyad. In one case (52) a particular resonance could be identified but not assigned. Although the nature of the additional structure cannot be unraveled at present, it corresponds to redistribution times that are certainly longer than 0.5 to 5 ps, depending upon the band considered. This is to be compared with the proven CH stretch bend Fermi resonance redistribution, which occurs on a time scale, that is about one to two orders of magnitude faster. The expected separation of the time scales for mode selective vibrational redistribution and further evolution is thus present in CHF 3 and more pronounced than in CH(CF 3 h
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